Growth inhibition with plant growth regulators (PGRs) has become an important practice in turfgrass management (Watcshke et al., 1992) . PGRs modify turfgrass growth by inhibiting either cell division or cell elongation (Hedden and Hoad, 1994) . Phytotoxicity and root reductions have prevented widespread use of cell division inhibitors, therefore, gibberellic acid (GA) inhibitors are more frequently used due to less likelihood for leaf burn and turfgrass injury (Murphy et al., 2001) .
A popular PGR in golf course management, paclobutrazol, inhibits the conversion of ent-kaurene to ent-kaurenoic acid early in the GA biosynthesis pathway (Fletcher et al., 2000) . Paclobutrazol inhibits plant growth by blocking the enzyme ent-kaurene oxidase which is responsible for the oxidation of ent-kaurene, ent-kaurenol, and ent-kaurenal from forming GA 12 -aldehyde (Sponsel, 1995; Buchanan et al., 2000) . Inhibition of ent-kaurene oxidase may decrease cell number, reduce cortical cells, and reduce xylem length (Fletcher et al., 2000a) .
Additionally, heterocyclic nitrogen atoms of paclobutrazol may bind to the protoheme iron atom in cytochrome P-450 systems resulting in the inhibition of gibberellins and the activity of P-450 mono-oxygenase enzymes involved in brassinosteroid synthesis (Fletcher et al., 2000) . In isolated wheat mitochondria, paclobutrazol altered electron transport during the fi nal stage of respiration, presenting another possible mode of action (Bai and Chaney, 2001) .
Existing concerns with paclobutrazol ap- Visual quality ratings were made on a 1 to 9 scale with 9 = dark green turf and 1 = completely dormant turf. Quality ratings below 7 were considered unacceptable. Phytotoxicity was rated on a 0 to 5 scale with 5 = completely dead or dormant turf. Phytotoxicity ratings ≥1 were considered unacceptable. Clippings were harvested weekly, oven-dried at 100 °C for 48 h, then weighed. After 12 weeks, roots and thatch were sampled from the entire container, oven-dried at 100 °C for 48 h, and then weighed. Chlorophyll concentrations (mg g -1 of fresh clipping weight) were determined 4, 8, and 12 weeks after initial treatments with a spectrophotometer (Genesys 20 Thermo Spectronic model 4001/4, Waltham, Mass.). Light absorbance was measured at 663 nm for chlorophyll A and 645 nm for chlorophyll B. Procedures for chlorophyll concentration analysis were similar to those described by Moran and Porath (1980) . plications include turfgrass discoloration and root growth inhibition. Over a two year period, Fagerness and Yelverton (2001) noted creeping bentgrass (Agrostis palustris Huds.) root growth was not affected by monthly applications of paclobutrazol at 0.14 and 0.28 kg·ha -1 . Only paclobutrazol applied at twice the labeled rate of 0.56 kg·ha -1 inhibited root growth. Paclobutrazol is also an effective PGR for common (Cynodon dactylon) and 'Tifway' bermudagrass (Johnson, 1990) . Suppression of 'Tifway' bermudagrass growth with paclobutrazol was comparable after initial applications to fl urprimidol {alpha-(1-methylethyl)-alpha-[4-(trifl uoro-methoxy) phenyl] 5-pyrimidine-methanol}, a similar PGR compound, at 0.84 kg·ha -1 (a.i.) (Johnson, 1992 ). Although paclobutrazol has tested successfully on hybrid bermudagrass maintained at higher mowing heights, applications on dwarftype bermudagrass putting greens have not been reported. Dwarf bermudagrass tolerates long-term routine close mowing heights of 3.2 mm or closer (McCarty and Miller, 2002) . However, with potentially reduced photosynthetic capacity, the close mowing endurance of cultivars like 'TifEagle' has apparently been at the expense of vigorous root systems (White, 1998) . With the popularity of PGR applications on golf course turf, shoot growth restrictions followed by root growth inhibition could limit the use of PGRs like paclobutrazol on dwarf bermudagrass turf.
The objective of this greenhouse experiment was to assess the response of 'TifEagle' bermudagrass to repeat applications of paclobutrazol over 3 months.
Materials and Methods
Research was conducted in two studies (denoted Study 1 and Study 2) at the Clemson University Greenhouse, Clemson, S.C., from Data analyses were made using the analysis of variance with SAS general linear model procedure (SAS Institute, Cary, N.C.). Mean separations were made with Fishers protected LSD test at alpha = 0.05 for visual ratings, chlorophyll concentrations, and clipping yield and alpha = 0.10 for root mass and root length. Orthogonal polynomial contrasts examined linear and quadratic relationships between plant response and level of paclobutrazol. Study × treatment interactions did not occur for total clipping yield, root mass, root length, and chlorophyll concentrations; therefore, studies were combined.
Results
Turf quality, phytotoxicity, and chlorophyll concentrations. Color enhancements were not observed from paclobutrazol in Study 1 (Table 2 ). However, in Study 2, visual quality ratings were 13% higher than the control for all paclobutrazol rates, 2 weeks after initial treatments (WAIT) ( Table 2) . Phytotoxicity was observed with Rate 1; however, visual quality ratings were always greater or equal to untreated turf (Tables 2 and 3 ). Turf quality for Rate 2 was 24% and 15% lower than the control 12 WAIT in Studies 1 and 2 (Table  2) . Unacceptable phytotoxicity was observed for Rates 2 and 3 on every observation date in Study 1 and from 4 to 10 WAIT in Study 2 (Table 3 ). Visual quality from Rate 3 was reduced 18% 4 WAIT in Study 1 and remained consistently lower than untreated turf (Table  2) . Chlorophyll concentrations were never significantly different from untreated turf and showed no relationship with paclobutrazol rates (data not shown).
Clipping yield. Clipping yield quadratically decreased with paclobutrazol rates (Table 4) . Compared to untreated turf, clipping yield was reduced 65%, 84%, and 92% by Rates 1, 2, and 3, respectively.
Roots and thatch. Root mass and root length linearly decreased with paclobutrazol rates (Table 4) . Root mass after 12 weeks was reduced 28%, 45%, and 61% for turf treated with Rates 1, 2, and 3, respectively, compared to untreated turf. Bermudagrass root length was reduced 13%, 19%, and 19% by Rates 1, 2, and 3, respectively (Table 4) . Paclobutrazol treatments had no meaningful differences in bermudagrass thatch mass after 12 weeks (data not shown).
Discussion
Paclobutrazol is an effective PGR for suppressing vegetative growth of bermudagrass turf (Johnson, 1990 (Johnson, , 1992 . For creeping bentgrass putting greens, paclobutrazol effectively suppresses Poa annua and may be routinely applied at 0.14 and 0.28 kg·ha -1 without inhibiting root growth (Bell et al., 2004; Fagerness and Yelverton, 2001) . Paclobutrazol may also be used for overseeded bermudagrass greens for turf enhancement and Poa annua control during winter and spring months (McCarty and Miller, 2002) .
Paclobutrazol provided consistent growth suppression at 0.14, 0.28, and 0.42 kg·ha -1 per 6 weeks on a dwarf-type bermudagrass putting green cultivar, 'TifEagle'. However, visual quality was unacceptable for turf treated with 0.28 and 0.42kg·ha -1 due to high phytotoxicity. Bermudagrass treated with 0.14 kg·ha -1 had noticeable discoloration but was not as severe as the other rates. Turf discoloration from initial applications does not endorse repeat application at any of these rates for 'TifEagle' bermudagrass. Furthermore, repeated applications of paclobutrazol reduced root growth at all three rates.
Since paclobutrazol provided exceptional shoot growth inhibition, future research should examine lower rates with different application regimens. Paclobutrazol may have the potential at very low rates for single applications only. Nevertheless, turf discoloration and negative rooting responses should advocate caution when using paclobutrazol on 'TifEagle' bermudagrass. Turf quality rated 1 to 9 with 1 = dead or dormant and 9 = dark green, uniform turf. Ratings below 7 were considered unacceptable. y WAIT = week after initial treatments.
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